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Interrelationships of Mercury, Selenium and Arsenic in Broiler Diets

R. J. Emerick^, J. C. Chern^, I. S. Palmer^, R. A. Nelson^ and C. W. Carlson^
Introduction

In previous reports from the South Dakota Agricultural Experiment Station

(A.S. Series 73-18, 74-19 and 75-37), the effects of methylmercury on growth,
egg production and egg hatchability were documented for Leghorn-type hens. In
these studies, methylmercury at levels up to 10 p.p.m. of the diet had no effect
upon growth but reduced egg production, egg quality and hatchability. Selenium
was shown to be partially effective in overcoming these detrimental effects of
mercury.

On the other hand, an arsenic-selenium interaction is known to exist

and many of the environmental segments providing mercury also contain elevated
levels of arsenic.

Studies described below were conducted to determine the

toxicity of 10 p.p.m. methylmercury for the more rapidly growing broiler-type
chick and to determine the extent that nutritional interrelationships between
mercury, selenium and arsenic may alter its toxicity and related tissue
distribution patterns.
Methods

In these growth and tissue-accumulation studies, rapidly growing broilertype chicks were used with the expectation that results would be more exaggerated
than those observed with the slower growing layer-type birds. Methylmercuricchloride (0 and 10 p.p.m. mercury), sodium selenite (0 and 4 p.p.m. selenium)
and sodium arsenite (0 and 8 p.p.m. arsenic) were each fed in a 2 x 2 x 2
factorially designed experiment (total of 8 treatments). Each treatment involved
7 cages of 10 birds each. The treatment materials were mixed into a 25% protein
grower diet. At termination of a 40-day experimental period, samples of various
tissues were obtained and analyzed for the elements under investigation.
Results

A reduction in weight gain accompanied the feeding of 10 p.p.m. methyl
mercury. This effect, averaging only 5.4%, was most pronounced in the presence
of 4 p.p.m. selenium. Even with the broiler-type birds used in this study, the
toxic effect of 10 p.p.m. methylmercury on growth was not particularly severe.
Arsenic did not alter the growth-depressing effects of mercury and selenium.
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Of the tissues tested, feathers had the greatest affinity for mercury with
accumulations reaching in excess of 200 p.p.m. mercury. Liver and kidney
contained the next highest amounts, approximating 20 p.p.m. in mercury-treated

birds.

The presence of added dietary selenium reduced (P<0.01) accumulation of

mercury in liver, kidney, muscle and feathers but not brain. Arsenic had no
effect in this regard. On the other hand, dietary mercury increased selenium
in liveri kidney and brain but not in muscle or feathers. Again, arsenic
had no effect on tissue selenium levels.

All tissues tested from control birds

accumulated less than 0.2 p.p.m. arsenic. Feathers showing approximately a
tenfold increase in arsenic content represented the only tissue responding
significantly to the arsenic treatment.

In chickens, egg quality and hatchability as studied previously is clearly
a better indicator than growth of subacute methylmercury toxicity. However,

the high affinity of feathers for accumulation of ingested methylmercury provides
the potential for monitoring the extent of methylmercury ingestion by birds in
areas where environmental contamination by mercury is of concern.

The presence of a low level of selenium (0.3 p.p.m.) in the basal diet used
in our studies may have provided some degree of protection, as evidenced by the
lack of increases in mortality when 10 p.p.m. mercury was fed.
This may have

precluded further protection from being offered by the 4 p.p.m. of added selenium.
However, a reduction in tissue mercury accumulation in selenium-treated birds is
evidence in support" of a mercury-selenium interaction.
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